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THE NATIONAL BUREAU OF STANDARDS 

AND ITS RELATION TO SCIENTIFIC 

AND TECHNICAL LABORATORIES* 

The dedication of a large and well-ap- 
pointed building to be devoted exclusively 
to instruction and research, in physics is a 
notable event in the history* of a college. 
In this instance it is the realization of a 
hope long cherished by many, and by none 
more than by the present speaker. That so 
splendid a building has been deemed neces- 
sary for, the work to be done in physics 
suggests two things. First, the high stand- 
ard which Wesleyan is setting for herself 
in this as in other departments of work, 
and, second, the rapid development which 
has occurred in recent years in physics, 
rendering imperative an equipment for ex- 
perimental work of an entirely different 
order of magnitude from that thought suf- 
ficient a generation ago. So great has been 
the demand for the best instruments and 
standards to be used in experimental work, 
both in pure and in applied physics, that 
the government has been led to establish at 
Washington a national laboratory, one of 
whose functions is to cooperate with scien- 
tific and technical institutions and manu- 
facturers in the work of improving instru- 
ments and standards and developing meth- 
ods of measurement. It, therefore, seems 
not inappropriate that something be said 
on this occasion concerning this work of 
the national government, so recently in- 

* An address delivered at the opening of the 
John Bell Seott Memorial Laboratory of Physical 
Science, at Wesleyan University, Middletown, 
Conn., December 7, 1904. 
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augurated as not to be generally known. 
The bureau of standards was established 
by act of congress in response to a de- 
mand for. sueh an institution on the part 
of many scientists, engineers, manufac- 
turers and representatives of the national 
government. The high order of accu- 
racy required in modern engineering prac- 
tise and in scientific research made it more 
than ever, necessary that manufacturers 
of scientific and engineering instruments 
should possess correct standards of length, 
mass and volume, as well as electrical, op- 
tical and thermometric standards, and be 
able to have them reverified from time to 
time. It was also important that any one 
engaged in scientific or engineering work 
could have his instruments and standards 
tested whenever, necessary. The office of 
weights and measures, at Washington, had 
been equipped to do some of the work re- 
quired in the verification of length, mass 
and volume for many years, but it was 
necessary to send electrical standards, 
thermometers and pyrometers and many 
other kinds of apparatus to Europe to be 
tested when results of the highest accuracy 
were desired. As this was both expensive 
and time consuming the consequence was 
that only infrequently were these more ac- 
curate tests obtained. The United States 
held a creditable position among the na- 
tions of the earth in physical science, and 
had some of the best physical laboratories 
in the world; it was leading the world in 
the manufacture of electrical machinery 
and some kinds of electrical instruments. 
To be obliged to ask the German imperial 
or other foreign laboratories to do our 
testing for us, because we lacked a well- 
equipped national laboratory for doing such 
work, was clearly a situation that ought to 
be corrected, and congress acted promptly 
when the importance of the matter was 
brought to its attention. Appropriations 
were made for laboratory buildings and 



equipment and for a director and a small 
scientific staff, and the bureau began its 
work July 1, 1901. President McKinley 
appointed as director Professor S. W. 
Stratton, of Chicago University, to whom 
more than to any one else is due the credit 
for. the establishment and the success of 
the bureau. A careful study of the Physi- 
kalisch Technische Reichsanstalt and of 
other European laboratories was made in 
connection with the designing of the labo- 
ratory buildings and the selection of the 
equipment, and many valuable suggestions 
were derived therefrom. The laboratories 
have, however, been constructed after Am- 
erican rather than European models, al- 
though in their equipment it has been 
found necessary to draw very heavily upon 
European instrument makers. 

The bureau began its work in temporary 
quarters and has been developing methods, 
building and acquiring apparatus and do- 
ing testing for the government and the 
public while the laboratory buildings have 
been under construction. The larger of 
the two buildings was only recently com- 
pleted and the bureau is just now moving 
into it, the first building having been occu- 
pied nearly a year ago. We now find our- 
selves, about three and a half years from 
the organization of the bureau, in posses- 
sion of buildings and equipment costing 
about $600,000, with a personnel carefully 
selected through the civil service and num- 
bering altogether seventy-one, maintained 
by annual appropriations amounting to 
nearly $200,000, and, judged by the magni- 
tude and importance of the outpuo of test- 
ing and investigation, ranking second only 
to the great German Reichsanstalt among 
the government laboratories of the world 
doing this kind of work. 

After this brief epitome of the history 
of the bureau let me state more particu- 
larly something of its work and of its rela- 
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tion to the scientific and technical labora- 
tories of the country. 

The work of the bureau may be briefly 
specified under three separate heads as 
follows : 

1. To acquire and preserve standards of 
measure and to certify copies of the same, 
and to test and investigate measuring in- 
struments and to determine the properties 
of materials. 

2. To conduct researches and to investi- 
gate and develop methods of measurement ; 
to improve instruments and apparatus for 
physical measurements and to devise new . 
apparatus, especially for use in testing and 
in precise measurements. 

3. To distribute information regarding 
instruments and standards to manufactur- 
ers, state and city sealers of weights and 
measures, scientific and technical labora- 
tories, and to any and every one applying 
for such information. 

These three functions of the bureau are 
closely interdependent. To acquire a 
standard in some cases involves an elab- 
orate investigation and the independent 
determination of the value of the stand- 
ard; and to preserve it may involve subse- 
quent redeterminations of its value to 
ascertain whether any change has occurred. 
A new kind of test often involves the in- 
vestigation of methods of measurement, or 
the determination of new standards or the 
construction of a new instrument. Thus 
research and testing are intimately con- 
nected in 'most of the work of the bureau. 

The distribution of information, the 
third function of the bureau, is accom- 
plished through correspondence and the 
circulars and bulletins issued by the bu- 
reau, and also by the personal visits of 
people seeking such information. 

The three fundamental standards of 
measure are those of length, mass and time. 
The oldest of these is the unit of time, the 
second. This ancient unit has successfully 



withstood every attempt to replace it by a 
decimal submultiple of the day. The earth 
itself is our fundamental timepiece, every 
revolution upon its axis counting off 86,400 
sidereal seconds, from which we immedi- 
ately derive our standard second. No 
clock is so perfect a timepiece as the earth 
and all the standard clocks in the world 
are corrected by it. What the astronomer 
does in . determining the time by astro- 
nomical observations, is to read off the 
time of day or night by means of a tele- 
scope on the starry face of the celestial 
clock. The telescope corresponds to the 
hour hand of a 24-hour dial (there is no 
minute hand), and the stars mark the sub- 
divisions of the dial. The best made clocks 
of human invention go fast or slow by at 
least some fraction of a second each day, 
but there is no proof to show that the ter- 
restrial clock deviates by so much in a 
thousand years. Thus the unit of time is 
a natural unit, easily obtained direct from 
nature and universally employed the world 
over. 

The Bureau of Standards does not in- 
tend to make independent time observa- 
tions, but will correct its standard clocks 
from the observations made at the neigh- 
boring Naval Observatory. 

The unit of length has a very different 
history. The foot has been the most wide- 
ly used measure of length, both in ancient 
and in modern times. It was derived, as 
the name suggests, from the length of the 
human foot and is thus a natural unit like 
the second; but, owing to the multiplicity 
of human feet and their varying dimen- 
sions, this unit has varied greatly in differ- 
ent countries and in different ages, its 
length ranging all the way from the an- 
cient "Welsh foot of nine inches to the Pied- 
mont foot of twenty inches. In modern 
times it has varied from the Spanish foot 
of less than eleven inches to the Venice foot 
of over thirteen inches, almost every coun- 
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try using a foot of different length. The 
confusion resulting from this lack of uni- 
formity prompted the French in 1799 to 
adopt a new unit of length, and remember- 
ing how surely and elegantly the unit of 
time is fixed by the rotation of the earth, 
they sought to make the meter, the new 
standard of length, permanent and inflex- 
ible by basing it upon the dimensions of 
the earth. The meter was chosen to be one 
ten-millionth part of the distance from 
the equator to the pole of the earth at a 
particular meridian, and was fixed in con- 
crete form as the length of a platinum bar, 
which has been carefully preserved in 
Paris. Subsequent and more accurate 
measurements have given a slightly differ- 
ent value for the circumference of the 
earth, so that the meter is known not to be, 
as originally intended, just one ten-mill- 
ionth of a particular quadrant of the 
earth. The meter has, however, not 
been changed, its value being fixed by the 
length of the platinum standard and not 
by the earth. Thus the platinum bar has 
become the primary standard of length, 
instead of a secondary standard as was 
originally intended. This is a happy re- 
sult, for the difficulties of comparing a 
meter with the dimensions of the earth is 
too great to make the dimensions of the 
earth of any value as a standard of length. 
The original standard meter has been 
reproduced many times in platinum and 
iridio-platinum, and many of the civilized 
nations of the earth possess such duplicates. 
We have two of them at the bureau of 
standards in Washington, one of which was 
recently taken to Paris by Mr. Fischer, and 
reeompared with the standards of the inter- 
national bureau. The results showed al- 
most perfect agreement with the compari- 
son made fifteen years previously, the dif- 
ference, if any, being not greater than 
about 0.5 of a micron, that is, 1/50,000 
inch. This is one part in 2,000,000 of the 



length of the bar and represents about the 
limit of accuracy obtainable in comparisons 
of this nature, although the computed 
probable error of the observations was only 
.02 of one micron, or less than a millionth 
of an inch. 

The third fundamental unit, that of mass, 
has likewise varied in different countries 
and in different ages. The most widely 
used unit was the pound, and before the 
metric system came into use there were hun- 
dreds of different pounds in use in Europe, 
differing from country to country and from 
province to province, and varying also ac- 
cording to the commodity to be measured. 
The ancient Roman pound was equivalent 
to a little less than twelve of our avoirdu- 
pois ounces, and from it were derived the 
various Italian pounds, varying in value 
from the Venice light pound, equivalent 
to about eleven of our avoirdupois ounces, 
and the Naples silk-pound and the Milan 
light pound of about twelve ounces to the 
Piedmont pound of about thirteen ounces 
and the Venice heavy pound of about sev- 
enteen ounces. There were silk pounds, 
and chocolate pounds, and table pounds, 
and goldsmith pounds and medicinal 
pounds; there were light pounds, and 
heavy pounds, and half-heavy pounds and 
extra-heavy pounds. There were pounds 
of 12, 14, 15, 16, 17, 18, 20, 21, 22, 24, 28, 
30 and 36 ounces, and the ounces had vary- 
ing values in different countries and in 
different provinces of the same country. 

To remedy this distressing confusion the 
French, in 1799, at the same time the meter 
was chosen, adopted the kilogram as the 
unit of mass, fixing it concretely in a cylin- 
drical mass of platinum, which was intend- 
ed to be equal to the mass of a cubic deci- 
meter of water at the temperature of its 
maximum density. This, like the meter, 
was designed to be a natural unit that 
could be derived originally at any subse- 
quent time and in any country. But, as 
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in the case of the meter, later determina- 
tions showed that the kilogram was not 
exactly equal to the mass of a cubic deci- 
meter of water as was intended, and hence 
the platinum secondary standard was 
adopted as a primary standard of mass and 
no further attempt made to make it a nat- 
ural unit. All other countries using the 
metric system use carefully constructed 
copies of this original kilogram as their 
standards of mass. The process of weigh- 
ing is even more accurate than the com- 
parison of lengths, so that the standard 
kilograms of the various countries of the 
world are practically perfect duplicates of 
the original and of each other. 

In 1875 a conference of the representa- 
tives of seventeen nations was held in Paris 
and a permanent international bureau of 
weights and measures was established and 
is still maintained. It is located at Sevres, 
near Paris, and is supported jointly by the 
participating nations. Its duties are to 
care for the fundamental standards of 
length and mass, to furnish accurately ad- 
justed copies of the same, and to compare 
standards which may be returned from 
time to time. Some other, testing is done, 
including the calibration of thermometers. 
The work is of the highest order of accu- 
racy and leaves little to be desired so far 
as standards of length and mass are con- 
cerned. The metric system has been adopt- 
ed by nearly all the civilized nations of 
the world, excepting Great Britain and her 
colonies and the United States, and is uni- 
versally used throughout the world for sci- 
entific purposes. The electrical units are 
all based on the metric system and hence 
electrical engineers employ the metric sys- 
tem almost exclusively, even in this coun- 
try. The gain to science and commerce due 
to the adoption of the metric system can 
scarcely be overestimated and it is to be 
hoped that it will soon be adopted by the 
English-speaking countries of the world. 



The avoirdupois standard for the United 
States was defined in 1830 as 7000/5760 
of the Troy standard pound of the mint, 
which in turn was a copy of the British 
Troy pound, derived from the standard of 
Queen Elizabeth made in 1588. The latter 
was, derived from the standard of Edward 
III., and this is said to have come from 
the city of Troyes, France, hence the name, 
Troy pound. The metric system was legal- 
ized in the United States in 1866, and the 
meter was declared to be equivalent to 
39.37 inches and the kilogram to 2.204 
pounds. The international bureau began 
its work in 1879. The iridio-platinum 
prototypes of the metric standards were 
received in this country in 1889. These 
were so much superior as standards to the 
brass standard pound and the bronze 
yard, that in 1893 the metric standards 
were adopted as fundamental standards by 
the United States and the pound and yard 
were defined in terms of them. Thus the 
metric system is not only legalized in this 
country, but our fundamental standards 
are the meter and kilogram and all our 
weights and measures are derived from 
these metric standards using the legal 
eqiaivalents. 

Few people, perhaps, realize how need- 
lessly complex our system of weights and 
measures really is. Instead of a single 
unit of weight and of length with multiples 
and submultiples having ratios of ten, and 
a unit of volume simply related to the unit 
of length, as is the case in the metric sys- 
tem, we have a multiplicity of units and all 
kinds of odd ratios for the multiples and 
submultiples. I beg your indulgence for 
a moment while I remind you of some of 
the absurdities of our system. But first 
recall how much simpler and more con- 
venient our decimal coinage is than the 
English coinage. Nothing could be simpler, 
than the expression of values in dollars 
and cents; the use of pounds, shillings and 
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pence, to say nothing of guineas, crowns 
and farthings with their odd ratios, being 
cumbersome in comparison. But our 
weights and measures are far more cum- 
bersome and complicated than the English 
coinage. We weigh most merchandise by 
avoirdupois weight, gold and silver by troy 
weight, medicines by apothecaries' weight, 
diamonds by diamond carat weight. We 
have dry quarts and liquid quarts, long 
tons and short tons, and a hundredweight 
is not 100, foit 112 pounds. Coal is usually 
purchased at wholesale by the long ton and 
retailed by the short ton. A bushel some- 
times means 2,150.4 cubic inches and some- 
times it means a certain number of pounds 
weight of a commodity. The American 
bushel is derived from the old English 
Winchester bushel, but the legal English 
bushel of the present day is larger by 69 
cubic inches. On the contrary, the Eng- 
lish gallon is much larger than the Amer- 
ican gallon, the difference amounting to 
about 20 per cent. We measure wood by 
the cord, stone by the perch, earth by the 
cubic yard. Moreover, among the different 
states of the union are considerable differ- 
ences in custom and in legal equivalents. 
We are, of course, much better off than the 
countries of Europe were a century ago, 
but the difference is all too small. 

Our medieval system of weights and 
measures is, however, too deeply rooted to 
be easily displaced. But the metric system 
is being used in this country more than is 
generally realized and our rapidly grow- 
ing foreign trade is bringing it more than 
ever to the attention of merchants and 
manufacturers. In England a strong ef- 
fort is being made to adopt the metric 
system, with the hope that ultimately a 
decimal system of currency may also be 
adopted. The English colonies are even 
more progressive than the mother country, 
and strong influences are at work to secure 
the decimal system throughout the British 



empire. It will be greatly to the advan- 
tage of the United States to keep abreast 
of this movement, and not to be the last 
among the civilized nations of the world 
to throw off the incubus of an incoherent 
system of weights and measures, whose 
chief claim lies in the fact that it is in 
general use. 

The testing of lengths and masses con- 
stitutes one of the most important branches 
of the work of the bureau. As I have said, 
this work has been done by the government 
for many years, but the facilities for the 
work are being immensely improved by 
the bureau so as to extend the range and 
increase the accuracy of the work. The 
new laboratories will contain many new 
balances and comparators and every pre- 
caution is being taken to secure the most 
favorable conditions possible for precision 
work. When the installation is completed 
it will probably be the best of the kind in 
the world. 

I have said that the three fundamental 
units of measure are those of length, mass 
and time, or the meter, kilogram and sec- 
ond. From these are systematically de- 
rived various other units, all forming what 
is often called the centimeter-gram-second 
system, or, more briefly, the c.g.s. system. 
It is not my purpose to enumerate the vari- 
ous derived units which are employed in 
scientific and technical work, but rather to 
describe briefly some of those employed in 
the testing and research work of the bu- 
reau. And first let me speak of the work 
in heat and thermometry. The testing of 
thermometers is one of the most important 
branches of the work of the bureau. This 
work is under the charge of Dr. Chas. W. 
Waidner, who' is personally known to some 
of you. Dr. Waidner and his assistants 
have devoted a great deal of effort to the 
acquisition of reliable standard thermom- 
eters and to the investigation of instru- 
ments and methods. In this they have 
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availed themselves of the results of the 
magnificent work that has been done in 
this field in Europe, more especially at the 
Bureau Internationale and the Reichsan- 
stalt, and by the thermometer makers of 
France and Germany. For our present 
purpose thermometers may be conveniently 
grouped as follows: (1) Precision mercury 
thermometers, to be used as standards or 
for scientific purposes. They are calib- 
rated very elaborately and are capable of 
high accuracy. (2) Ordinary mercury 
thermometers and clinical thermometers. 
We test clinical thermometers by the thou- 
sand and we hope before long that they 
will come to us by the tens of thousands. 
Clinical thermometers often change if grad- 
uated new, and hence they ought always to 
be aged, tested and certified to insure their 
accuracy. (3) High temperature mercury 
thermometers of hard glass, with nitrogen 
under pressure above the mercury column, 
reading up to 550° C. (or about 1000° F.). 
(4) Platinum resistance thermometers, 
thermocouples and other forms of pyrom- 
eters suitable for measuring furnace tem- 
peratures up to 1600° C. (about 2900° P.). 
Such instruments are used in many manu- 
facturing processes, as well as in research 
problems and hence are found both in 
scientific and in technical laboratories. (5) 
Optical pyrometers for measuring the tem- 
peratures of the hottest furnaces and, ap- 
proximately, even the temperature of the 
electric arc, the highest temperature attain- 
able by any known means, namely, about 
3950° C. (or 7150° P.). An investigation 
on this subject at the bureau has recently 
been published by Drs. Waidner and Bur- 
gess. (6) Low temperature thermometers, 
for temperatures below the freezing point 
of mercury, even down to the temperatures 
of liquid air and of liquid or solid hydro- 
gen. Such thermometers use pentane or 
toluene; or a copper-eonstantan thermo- 
couple is employed. For the very lowest 



temperatures helium gas is used, helium 
being the only gas not liquefied at the tem- 
perature of solid hydrogen, namely, about 
16° above absolute zero, or 257° C. (or 
430° P.) below the freezing point of water. 

The bureau has done more or less testing 
in all these lines except the last, but hopes 
soon to add this to the list of tests which 
are made. 

From the temperature of solid hydrogen 
to that of the electric arc is a wide range, 
indeed, and a very considerable equipment 
of apparatus and machinery is necessary 
to produce and to measure any tempera- 
ture throughout this range. For the high- 
er temperatures numerous gas and electric 
furnaces are required. For the lower tem- 
peratures a refrigerating plant and appa- 
ratus for liquefying carbon dioxide, air and 
hydrogen are required. The bureau has 
recently purchased the low temperature 
plant which was operated as an exhibit by 
the British government at the St. Louis 
Exposition. This was one of the most in- 
teresting exhibits of the entire world 's fair. 
Liquid hydrogen was produced in larger 
quantity by this plant than had ever been 
done before, more being made and used in 
public demonstrations during the season 
than the total amount that has been pro- 
duced since hydrogen was first liquefied. 
Solid hydrogen is also produced by the 
apparatus. 

The optical work of the bureau is not so 
fully established as the work in weights 
and measures and heat and thermometry, 
but three well-trained specialists are de- 
voting themselves to it and a fourth is soon 
to be appointed. The work of research 
and testing in this section, which has been 
taken up or is soon to be begun, includes 
the investigation of the optical properties 
of instruments and of materials ; the appli- 
cation of interference and other optical 
methods to linear and angular measure- 
ments; the investigation of the spectra of 
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vacuum tubes and other phenomena in con- 
nection with the passage of electricity 
through gases at reduced pressure; and 
the investigation of questions connected 
with the polariscopic analysis of sugar and 
the testing of polariscopes. 

The latter subject is of special impor- 
tance on account of the use of polariscopes 
in determining the duty on sugar imported 
into the United States. The bureau has 
undertaken, at the request of the Treasury 
Department, to supervise the work of polari- 
scopic analysis of sugar in all the custom- 
houses of the country. Sugar is the chief 
source of revenue among articles imported, 
the duties collected by the government 
amounting to over $60,000,000 per annum. 
The duty on each importation is _ deter- 
mined by the angle through which a beam 
of polarized light is rotated when passed 
through a solution of a sample of sugar, 
the percentage of pure sugar being shown 
by a specially prepared table when the 
angle of rotation has been determined. 
For some years a difference has existed be- 
tween the experts of the government and 
those employed by the sugar interests as to 
the effect of temperature upon the indica- 
tions of the polariscope, and although the 
difference is only a fraction of one per 
cent., it amounts to a large sum when ap- 
plied to the hundreds of millions of dol- 
lars paid in duty during the last few years. 
The question is being contested in the 
courts and in the meantime the bureau is 
making some careful investigations on the 
subject in the interest of the government. 

Another line of the bureau's work not 
yet fully established is the testing of gas 
and water meters, pressure gauges and 
manometers for high and low pressures, 
engine indicators and the determination of 
the strengths of materials including cem- 
ents and other building materials. This 
will probably develop into a very impor- 
tant branch of our work, in which we can 



be of much service to scientific and tech- 
nical laboratories, as well as to the govern- 
ment and the public. 

The official testing of scales, measures 
of length and volume, gas, water and elec- 
tricity meters and other instruments by 
which the commodities purchased by the 
people are measured is not done in this 
country as thoroughly as it ought to be. 
In very few cities do the sealers of weights 
and measures go about systematically test- 
ing the instruments employed for measur- 
ing merchandise. England surpasses us in 
looking after the interests of the people in 
this particular. One of the functions of 
the bureau is to educate the public to the 
importance of this work. A step in this 
direction is the national convention of 
sealers of weights and measures to meet 
next month in Washington in response to 
a call issued by the bureau of standards. 

The various lines of testing and research 
which have so far been mentioned, namely, 
weights and measures, heat and thermom- 
etry, light and optical instruments, and en- 
gineering instruments, are included in the 
first division of the work of the bureau of 
standards. The second division includes 
electricity and photometry. In the early 
days of its development electricity was es- 
sentially a qualitative science; its modern 
history has seen it become distinctly quan- 
titative, and its wonderful development has 
been largely, if not mainly, due to the use 
of measuring instruments in studying and 
applying it. The three fundamental units 
of measure are the ohm, the unit of resist- 
ance ; the ampere, the unit of current ; and 
the volt, the unit of electromotive force. 
These are so related by Ohm's law that 
when two are defined the third becomes 
fixed and can be determined by the use of 
the other two. These units are not arbi- 
trarily chosen, but are determined by ex- 
perimental investigation. Their magni- 
tudes depend upon the fundamental units, 
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of length, mass and time, and these having 
been selected (namely, the centimeter, 
gram and second), the definitions or speci- 
fications of the electrical units follow log- 
ically, but their concrete expression in 
actual standards that can be employed in 
electrical measurements can only be at- 
tained after most painstaking researches 
in what are called absolute measurements. 
The two of these three units which have 
been so determined are the ohm and the 
ampere. As all other electrical units are 
based upon these, it is of the greatest im- 
portance that they be determined with the 
utmost exactness. At the International 
Electrical Congress at Chicago, in 1893, 
they were redefined in accordance with the 
results of the best determinations made up 
to that time. The ohm is specified in terms 
of the resistance of a column of mercury 
106.3 cm. long, having a cross-section of 
one square millimeter ; the ampere in terms 
of the quantity of pure silver it will de- 
posit electrolytically per. second from a 
solution; the volt in terms of the electro- 
motive force of the standard Clark cell. 
An immense amount of work has been done 
by numerous investigators in various coun- 
tries of the world in the determination of 
the values of these electrical units, and the 
figures adopted in the definitions un- 
doubtedly come very near the truth. 
Nevertheless, we know from subsequent 
work that at least two of these units are 
very slightly in error, and one of the most 
important problems before the bureau of 
standards is the redetermination of these 
fundamental units. The error in ques- 
tion is small, so small as to be of no conse- 
quence in engineering and commercial 
work. But scientifically it is important, 
and as instruments and methods are im- 
proved year by year, any small discrep- 
ancies in our fundamental units become 
of more and more significance. --' The Na- 
tional Physical Laboratory of England, 



the Physikalisch-Technische Eeichsanstalt 
of Germany and the National Bureau of 
Standards, as well as a few private investi- 
gators in this country and abroad, are all 
working in the same direction. The recent 
International Electrical Congress at St. 
Louis provided for the formation of an in- 
ternational commission, whose function it 
shall be to foster and in some degree direct 
and coordinate researches of this character. 
This commission will probably organize and 
enter upon its work during the coming 
year. The difficulties to be overcome are 
so great that only the most elaborate re- 
searches carried out under the most favor- 
able circumstances can be expected to 
bring us appreciably nearer the desired 
goal. Two researches at the bureau of 
standards during the past year gave re- 
sults of value preparatory to the rede- 
termination of the ampere in absolute 
measure. One was by Dr. Wolff, showing 
how to overcome one of the defects of the 
standard cell; a new method of preparing 
the mercurous sulphate yielding a crystal- 
line product which gives cells of more uni- 
form electromotive force than formerly. 
Professor Carhart, of Ann Arbor, who has 
been engaged upon this subject for some 
time, arrived independently at the same 
result even earlier, the results being an- 
nounced by both men at the same meeting 
in Washington in April last. The other 
investigation was by Dr. Guthe, who, after 
carefully studying all the various forms of 
silver voltameters which have been pro- 
posed, showed that although different 
kinds gave slightly different results, cer- 
tain ones when properly handled, gave 
practically identical results, and hence 
could be depended upon for measuring 
current to a very high order, of accuracy. 
Dr. Wolff is continuing his work on stand- 
ard cells and Dr. Guthe is now engaged in 
the absolute measurement of current, by 
means of a new electrodynamometer. 
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I have been engaged, with the assistance 
of Mr. Grover, Dr. Lloyd and several other 
members of the bureau, in the absolute 
measurement of electric capacity and in- 
ductance and in the investigation of elec- 
trical measuring instruments, more espe- 
cially for the precise measurement of al- 
ternating current, voltage and energy. 
These investigations have involved the con- 
struction of much new apparatus, as well 
as the thorough study of some well-known^ 
instruments. One of the practical prob- 
lems in connection with the accurate meas- 
urement of capacity or inductance is the 
determination of the frequency of the in- 
terrupter or of the alternating current em- 
ployed. This usually amounts to obtain- 
ing the speed of some kind of motor, often 
an electric motor. For some kinds of work, 
to be within one per cent, is considered suf- 
ficiently accurate. For other cases one 
tenth of one per cent, is none too good. 
In still others one hundredth of one per. 
cent, is deemed necessary. In this work 
we sought to get the frequency to a thou- 
sandth part of one per cent. This re- 
quired a very perfect control of the speed, 
and yet by attention to all the sources of 
disturbances, and by the use of a very 
sensitive indicator, the desired result was 
obtained and an important additional step 
taken in absolute measurements. 

Many other interesting and important 
questions are being investigated, and work 
enough for years is already before us. 
These particular examples of the work at 
the bureau have been cited, not because I 
presume that you are especially interested 
in the problems themselves, but rather to 
illustrate the kind of research work we are 
doing. 

The work of testing is being carried on 
at the same time. Resistance standards, 
current standards, standard cells, wheat- 
stone bridges, potentiometers, magnetic in- 
struments, current instruments, voltmeters, 



wattmeters, condensers, inductances and 
many other electrical instruments have 
come to us from manufacturers, universi- 
ties, technical laboratories and departments 
of the national government. To be abie 
to get reliable standards and to have in- 
struments calibrated at a nominal cost is 
a boon to all careful experimentalists. 
Heretofore it has often happened that the 
burden of the work in a given investigation 
has been to calibrate the instruments em- 
ployed, and often the facilities at com- 
mand were insufficient to yield results of 
high accuracy. Within the last three years 
(that is, since the bureau has been testing 
instruments) there has been a marked im- 
provement in the quality of some kinds of 
electrical instruments made in this coun- 
try. It is now so easy to determine whether 
a resistance box guaranteed by the maker 
to be correct to one fiftieth of one per cent, 
fulfils the guarantee, that the maker is 
compelled to use correct standards and to 
adjust his resistances carefully in accord- 
ance with the same. 

Probably the most interesting collection 
at the St. Louis Exposition from the stand- 
point of physical science was the magnifi- 
cent exhibit of scientific instruments made 
by Germany. There was a time not so 
very long ago when France and England 
surpassed Germany in the production of 
scientific instruments. But the giant 
strides which Germany has made in the 
last twenty years has left other countries 
in the rear, and this Avonderful progress 
has been largely due to the wise encourage- 
ment and- assistance offered to instrument 
makers by the German government. This 
assistance has taken various forms, but the 
principal factor has probably been the work 
of the Reichsanstalt and the Normal Aich- 
ungs Kommission, the two government 
laboratories doing the work which the bu- 
reau of standards aims to do in the United 
States. They have set a high standard for 
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scientific instruments, and have not only 
shown how defects could be corrected, but 
have developed the theory and the design 
of many new instruments. All this has 
occurred so recently that it is not gener- 
ally known in the United States, and Ger- 
man instruments are not as largely used as 
they deserve to be. "We hope that the next 
few years may witness a similar impetus in 
the production of scientific instruments in 
this country, and that the United States 
may come to hold the same enviable posi- 
tion with respect to scientific instruments 
in general that she now does with respect 
to tools and labor-saving machinery and 
to certain special classes of scientific in- 
struments. 

The advantage of having instruments 
and standards of high accuracy for engi- 
neering and research work is obvious and 
needs no proof. I wish, however, to point 
out the advantage of using such instru- 
ments as far as practicable for purposes of 
instruction, especially in the more ad- 
vanced laboratory courses. If the appa- 
ratus is not accurately adjusted the careful 
student and, perhaps, his instructor as well, 
is prone to lose valuable time in trying to 
locate errors that are inherent in the appa- 
ratus, or in striving for a degree of accu- 
racy which is unattainable with the instru- 
ments employed. On the other hand, when 
the apparatus is known not to be correct 
it is so easy to attribute to the instruments 
any discrepancies in the results that care- 
less reading and hasty work may po'ssibly 
be encouraged. It is a great delight to the 
real lover of quantitative experimental 
work, of whom a great many are to be 
found in almost any college class, to do a 
piece of work with precision instruments 
and obtain an accurate result, duly checked 
by proper variations of the experiment. 
The educational value of such work is cer- 
tainly greater than when only roughly 
done ; the pleasure derived is incomparably 



greater. It is by no means necessary that 
all the instruments of a laboratory be sent 
away to be tested. If only the laboratory 
possesses correct standards and suitable 
comparing apparatus, the calibration or 
adjustment of most of the other instru- 
ments furnishes excellent experimental 
work for the students and assistants of the 
laboratory. 

Another important section of the work 
of the bureau is photometry. This is really 
optical rather than electrical, but owing to 
the fact that the chief work is with electric 
lamps and a very considerable electrical 
equipment is required, it is grouped with 
the electrical in our organization. The 
standards employed in photometric testing 
are less satisfactory than in most other 
branches of physical measurements. The 
quantity of light emitted by a given source 
is usually expressed in candle power; the 
ordinary incandescent electric lamp, being 
approximately equivalent to sixteen stand- 
ard candles, is called a sixteen candle- 
power lamp. The candle as a standard of 
measure has passed out of vogue, but light 
is still expressed in candle power. Various 
sources of light have been proposed as 
standards, the Hefner lamp burning amyl- 
acetate, being most used as a primary 
standard. As working standards specially 
prepared incandescent lamps are generally 
used, and are quite satisfactory. Greater 
progress has been made in recent years in 
developing photometers and the auxiliary 
apparatus for comparing lamps than in 
perfecting a primary standard of illumina- 
tion. Although the initial equipment of 
the bureau for this work is not yet com- 
plete, we have already done considerable 
testing, especially in rating lamps to be 
used as standards by manufacturers and 
others, and in testing lamps purchased by 
the various departments of the govern- 
ment. Millions of incandescent lamps are 
sold each year on carefully drawn specifi- 
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cations, and it is a matter of considerable 
importance to know whether the conditions 
of the contracts are met by the manufac- 
turers. 

In addition to the exhibit made by the 
bureau of standards in the government 
building at the St. Louis exposition, an 
electrical laboratory was equipped and 
maintained in the electricity building. 
This was done at the request of the exposi- 
tion management, the object being twofold ; 
first to exhibit a working electrical labora- 
tory, and, second, to do electrical testing 
for the jury of awards, for the railway 
test commission, and other electrical in- 
terests at the fair. The laboratory build- 
ing, which was within the palace of elec- 
tricity, and extended along one of its walls 
for a distance of about 175 feet, was di- 
vided into six rooms. Notwithstanding the 
fact that it was a temporary structure the 
laboratory possessed many of the appoint- 
ments of a permanent installation; and, 
although many disadvantages and limita- 
tions were experienced in doing scientific 
work amid such surroundings, we succeed- 
ed in doing a good deal of satisfactory 
work, including both research and testing. 
So complete a laboratory has never been 
installed in any previous world's fair, and 
it proved to be of considerable interest 
both to visitors and to those electrical in- 
terests which availed themselves of its fa- 
cilities for testing instruments. A refrig- 
erating machine, installed adjacent to the 
laboratory as an exhibit, furnished refrig- 
eration for experimental purposes and also 
for controlling the temperature and re- 
ducing the humidity of the atmosphere 
within the laboratory. This proved not 
only a great convenience in doing experi- 
mental work, but also a comfort to the 
workers, and the cool office of the bureau 
was a favorite retreat for the electrical 
jury in the hottest days of the jury period. 

The third division of the work of the 



bureau is the chemical division, in charge 
of Professor W. A. Noyes. The develop- 
ment of this work has waited on the com- 
pletion of our laboratory buildings. The 
installation of the equipment of the chem- 
ical laboratory is, however, now in progress 
and chemical work will be well under way 
before the end of the present fiscal year. 
The work in chemistry will consist in part 
in cooperating in certain lines of physical 
research, and in part in serving the chem- 
ical interests of the country. This will be 
done partly by research and partly by 
testing. 

The bureau has already done consider- 
able testing of apparatus used in volu- 
metric analysis. The American Chemical 
Society, through its committee, has been 
cooperating with the bureau in fixing the 
limits of tolerance for such apparatus and 
in defining the specifications to be followed 
by the manufacturers. Another commit- 
tee of the American Chemical Society has 
proposed a plan whereby standards of 
purity of chemical reagents shall be set, 
after careful investigation of the subject, 
and specific labels selected to indicate def- 
inite degrees of purity of such reagents. 
The bureau of standards, according to this 
plan, is to cooperate with the society in 
securing conformity to these standards on 
the part of manufacturers. I will not 
undertake to give details of the proposi- 
tion; the work is of great importance and 
promises to bring the bureau of standards 
into 'close relations with the manufac- 
turing and analytical chemists of the coun- 
try. Another subject in which the bureau 
has been invited to cooperate with the 
American Chemical Society is in the mat- 
ter of securing uniformity in technical an- 
alyses. Too great discrepancies are found 
in the results obtained by different public 
and other chemists when analyzing por- 
tions of the same sample. This is largely 
due to the different methods of analysis. 
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It is proposed to investigate thoroughly 
the various methods employed, and to se- 
lect certain of the best as standard, with 
the expectation that, using the best re- 
agents, the results found by different an- 
alyses may be more concordant and more 
accurate. Other lines of research and test- 
ing are contemplated, and will be under- 
taken as the fa'cilities permit. 

The field of chemistry, as well as physics, 
has so expanded in recent years that the 
two now overlap over large areas. In- 
deed, it is often impossible to say that a 
given problem belongs to one or the other, 
the fact being that, it pertains to both 
fields. Hence, the physicist frequently 
comes to the point where he needs the re- 
sources of a chemical laboratory to carry 
him through a problem supposed to be 
purely physical, and conversely the chem- 
ist, not only in electro-chemistry and phys- 
ical chemistry, but in analytical chemistry 
as well, requires very many of the facili- 
ties of a well-equipped physical laboratory. 
Hence we have so planned our laboratories 
that all the facilities of the entire equip- 
ment may be brought into service on any 
problem, whether it originates on the phys- 
ical side or on the chemical. This we be- 
lieve will prove of great advantage to the 
work of the bureau. 

There are three chemists in the chemical 
division at present and the number will be 
increased as the work develops. 

It is the aim of the bureau not only to 
conduct investigations through its mem- 
bers, but also to afford facilities for re- 
search by others who may come as scien-' 
tific guests. It often happens that a pro- 
posed investigation requires apparatus or 
other facilities not at the command of the 
person proposing the investigation, and 
no university can, perhaps, offer him the 
necessary facilities and assistance. The 
bureau of standards hopes to encourage in- 
vestigation by providing such facilities 



and assistance, but can do so Only 
to a limited degree until the laboratory 
space is increased by additional buildings. 
There are scores and perhaps hundreds of 
ambitious physicists, young and old, en- 
gaged in teaching in the' colleges and tech- 
nical schools of the country who are de- 
terred from doing valuable research work 
by lack of facilities and assistance. It is 
believed that a generous policy of assist- 
ance through the bureau of standards will 
be greatly appreciated by such workers, 
and that the output of original research 
from America will be materially increased 
thereby. A summer's work under favor- 
able circumstances might yield as much as 
a full year's effort under adverse condi- 
tions, and a year, enough to amply repay 
the sacrifice it might involve. But, as I 
have already said, the full realization of 
this plan lies in the future. For the pres- 
ent all our laboratory space is required to 
meet our own pressing needs, although we 
do have just now one scientific guest with 
us, about to begin some interesting investi- 
gations. 

I have tried to show briefly some of the 
work which the bureau of standards is do- 
ing and is- preparing to do, to fulfill its 
functions as the American National Phys- 
ical Laboratory, using the word physical in 
a liberal sense, as its work includes both 
chemistry and engineering. The national 
government is doing a large amount of 
scientific work, through the various bu- 
reaus and departments. That money ex- 
pended in this direction is well invested, 
the Department of Agriculture, the Coast 
and Geodetic Survey, the Geological Sur- 
vey and other bureaus have already abun- 
dantly proved. Their function and ours is 
to contribute something to the advancement 
of human knowledge and to serve the pub- 
lic. We hope not only to be of service to 
scientific and technical laboratories in the 
various ways I have tried to explain, but 
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also to serve in many ways the larger gen- 
eral public. 

It is a peculiar pleasure to me to be 
present to-day at the dedication of the 
John Bell Scott Physical Laboratory. It 
is a beautiful building, a fit representative 
of the splendid science to which it is dedi- 
cated; a notable addition to the equipment 
of Wesleyan, testifying eloquently to the 
generosity and loyalty of the donors; a 
worthy memorial to the unselfish life of 
the noble young man after whom it is 
named. The good it will do in the future 
years is immeasurable. 

Edward B. Rosa. 

National Bureau of Standards. 
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Dr. W. S. Eichelberger, of the U. S. 
Naval Observatory, was elected vice-presi- 
dent for. the next meeting. 

The Astronomical and Astrophysical So- 
ciety . of America met in affiliation with 
Section A, the two organizations holding 
alternate sessions on December 28, 29 and 
30. 

The vice-presidential program was pre- 
sented on the, afternoon of Wednesday, 
December 28. In accordance with the 



recommendations of the Committee on the 
Policy of the Association this program was 
given a broader scope than heretofore and 
included the address of the retiring vice- 
president, Superintendent O. H. Tittmann, 
upon the subject 'The Present State of 
Geodesy,' and a paper by Professor Josiah 
Royce, of Harvard University, entitled 
' Symmetrical and Unsymmetrical Relations 
in the Exact Sciences.' The former of 
these has been published in Science for 
January 13, and the latter will appear in 
an early number of the same journal. 

The following papers were presented at 
the regular meetings of the section : 

Synchronous Variations in Solar and Me- 
teorological Phenomena: Mr. H. W. 
Clough, U. S. Weather Bureau, Wash- 
ington, D. C. 

The portion of the paper relating to 
meteorological phenomena is essentially 
an extension of Professor Bruckner's re- 
searches on the 35-year cycle of variation 
in terrestrial climates. Definite epochs 
have been assigned for the variations of 
the several meteorological elements and the 
results of Bruckner have been supplement- 
ed by investigations of various minor me- 
teorological relations and the prices of 
grain. The probable value of the period 
length is found to be 36.2 years, instead of 
34.8 years, Bruckner having used in cal- 
culating the latter value an extra oscilla- 
tion in the sixteenth century, which should 
be regarded as a secondary variation. 
Bruckner traced the cycle as far back as 
1000 A. D. by means of historical accounts 
of several winters. Comparison of the 
epochs in different latitudes discloses an 
apparent retardation in low latitudes. 
This may indicate that the influence effi- 
cient in producing these variations is 
experienced mainly in high latitudes. 
Periods of excessive precipitation follow 
by about five years those of deficient tem- 



